Objectives. To describe postoperative pain within the first 24 hours after pediatric otolaryngologic surgery and to identify factors influencing postoperative pain.
Introduction
Postoperative pain therapy is an important part of perioperative care not only in adults but also in children. Nevertheless, not much is known about optimal postoperative pain management in children [1] . For adults, it is known that appropriate management of postoperative pain reduces perioperative morbidity, complications, hospital stay, and costs [2] . In general, we know for adults that there seems to be a worldwide inadequacy of pain management after surgery [3, 4] .
Pain assessment should be performed as a selfassessment in children as is standard practice in adults [5] . When using pictograms, pain assessment seems to be possible in children older than 3-4 years of age [6] [7] [8] . Although numerous national and international organizations have developed recommendations, guidelines, and standards of practice to improve the quality of pediatric pain control [9] [10] [11] , relevant improvement can only be observed in the field of pediatric oncology [12] .
Although several studies have indicated high levels of pain after otolaryngologic procedures in children, especially after tonsillectomy and adenoidectomy, as well as undertreatment of postoperative pain by physicians and parents, little is known about pain characteristics and management in these children [13] [14] [15] [16] . To focus treatment and to improve the quality of postoperative pain management, the implementation of continuous quality improvement strategies has been recommended [17] . In light of this, a web-based Germany-wide outcome-oriented project called Quality Improvement in Postoperative Pain Management (QUIPS) was developed in 2005, consisting of standardized data acquisition and an analysis of quality and process indicators [18] . Currently, more than 130 hospitals are participating and more than 170,000 patients have been included. Meanwhile, QUIPS has clearly shown that outcomes in postoperative pain management can be measured and compared in routine clinical practice and may lead to improved care including otolaryngologic surgery [18, 19] . As consequence, an equivalent tool was recently developed for children called Quality Improvement in Postoperative Pain Management in Infants (QUIPSI) [20] . Next step, QUIPSI was validated in a multicenter trial in 10 German hospitals. It was shown that children ≥4 years of age normally can complete the questionnaire [21] .
This prospective clinical study was the first to use QUIPSI to analyze 1) postoperative pain within the first 24 hours in children after otolaryngologic procedures, 2) its pain management, and 3) influencing parameters.
Methods
A prospective study was performed. Institutional review board approval was obtained prior to study initiation. The parents of each patient entering the study signed consent. Children ≥3 years admitted to the Ear, Nose, and Throat (ENT) Department, University Jena, Germany for surgery were included into the study. Children <3 years and adults were excluded. Furthermore, children were excluded if the parents declined to participate, the child did not understand several questions, the child and parents did not speak German, or the child had no ability to answer the questions because of a cerebral disorder. The study enrolment period was from January 20, 2010 to July 19, 2010. All kind of pediatric otolaryngologic surgeries performed in this period were analyzed. Types of surgery were categorized into minor surgery (adenoidectomy, grommet insertion, miscellaneous) and major surgery (tonsillectomy, tonsillotomy, otoplasty). Indication for same day case surgery vs inpatient surgery is regulated by the German Social Welfare Code. By German law, adenoidectomy and placement of myringotomy tubes are same day cases if no other factors argue for inpatient treatment (comorbidity, disabled person). All other surgical procedures generally are performed as inpatient cases.
Patients
For each patient, demographic and surgery-specific characteristics were recorded using a standardized and categorized database including: age, gender, weight, height, body mass index, American Society of Anesthesiologists physical status classification system (ASA status), chronic pain drug intake, type of surgical approach, and duration of surgery. After surgery, all children were brought directly back to the ward, i.e., the children bypassed the recovery room. The pediatric ward was used for the inpatient cases as well as day care unit for the day case patient.
Postoperative Pain Assessment with QUIPSI
The first part of the QUIPSI questionnaire addressed the child directly. Reading skills were not necessary. This part was given to the patient for day surgery cases the afternoon of surgery (within 8 hours) and for inpatient cases at the first postoperative day (within 24 hours). After standardized instruction to the parents and the child ( Figure S1 ) by one of the authors (A.S.), the child completed the form, in most cases with the help of the interviewer. If the child was too young to read the questions himself, the questions were read to him. Faces from the Faces Pain Scale-Revised from Hicks et al. were the dominant tool of the questionnaire [8] . The faces were used to estimate postoperative pain in three questions ( Figure S2 ). Generally, from left to right, the faces and higher numbers indicated more pain. An additional eight questions with checkboxes were addressed to pain-related complaints and pain management ( Figure S3 ). This first part covered the outcome parameters of the questionnaire, whereas the second part, which was filled in by the investigator, covered the relevant process parameters ( Figures S4-S8) . The analgesic use on the ward only was assessed if the drug was given prior to the questioning of the child. All data were made anonymous and transferred via internet (http:// www.quips-projekt.de/) to the external database for the benchmark project of QUIPSI. In the future, this feature will allow an anonymous comparison to the results of other participating hospitals. To date, the number of children with otolaryngologic surgery from other hospitals is too low to allow a meaningful comparison.
Statistical Analysis
Patients' characteristics and QUIPSI variables were analyzed with IBM SPSS statistics software (version 19.0; IBM Corp., Armonk, NY, USA) for medical statistics. Data are presented as mean ± one standard deviation (SD) if not otherwise indicated. Analyses included chi-square test and nonparametric Mann-Whitney U-test to compare the characteristics of those who consented vs those who declined (Table 1) . Outcome and process parameters were then summarized descriptively (Tables 2 and 3); associations among patients' characteristics and process parameters, respectively, and outcome parameters were examined via Pearson product-moment correlations (Tables 4 and 5; Tables S1 and S2 ). Multivariate linear regression models with stepwise entry were generated for scaled outcome parameters (Table 6 ). Multivariate binary logistic regression models with stepwise entry were generated for categorized outcome parameters (Table 7) . Patients' characteristics and process parameters for regression analysis were derived from those suggestive of significant associations (P < 0.05). In general, nominal P values of two-tailed tests are reported. The significance level was set at P < 0.05.
Results

Subjects
During the study recruitment interval, 310 children underwent surgery. Two hundred and eighteen children (70%) had an age ≥3 years. Eighty-four children (39% of those within the age range of the study) could not be included because the parents declined to participate, the child did not understand several questions, the child and parents did not speak German, or the child had no ability to answer the questions because of a cerebral disorder.
One hundred and thirty-four children (61% of those within the age range of the study) met the inclusion criteria, and the parents agreed to participate. The participants were slightly older, taller, and had a higher weight than the nonparticipants. There were no significant differences in other baseline parameters or surgery-related parameters between both groups (Table 1) . Nevertheless, a trend was seen that there was a higher proportion of adenoidectomy cases in the nonparticipant group as would be expected in a younger population.
The group of participants was, on average, 6 years of age and consisted of slightly more boys (56%) than girls. Most children (88%) did not take pain medication on regular basis. ASA status was normal in most patients (82%). Forty-five percent were same day cases and 55% inpatient. The leading procedure was adenoidectomy (60%), followed by tonsillectomy (16%). All other procedures did not individually amount to more than 6% of the cases (Table 1) .
QUIPSI: Outcome Parameter
The results of QUIPSI questionnaire concerning pain and pain therapy-related parameters on the first postoperative day after pediatric otolaryngologic surgery are presented in Table 2 . Overall, 125 children (93%) understood all questions. These patients (mean age: 6.2, SD: 2.3 years) were older than the patients who did not understand at least one question (mean age: 5.2, SD: 1.5 years) but the difference did not reach statistic significance (P = 0.09). Children 9 years of age and older understood all questions. Ten children (8%) answered the questions without help of parents.
Eighty-eight patients (65%) had episodes without any pain (minimal pain = 0) on the first postoperative day when lying in bed. Overall, 89% of the children had minimal pain values ≤ 2 (mean: 1.21, SD: 2.30). Pain on activity was only slightly higher (mean: 2.55, SD: 2.93). Twenty-two children (16%) reported the highest possible pain value of 10 (mean: 4.00; SD: 3.49). Seventy-six patients (56%) indicated maximal pain values ≥ 4. Nevertheless, only 28 children (21%) desired more pain medication. Nearly half of the children (46%) said that they were not counseled concerning postoperative pain management prior to surgery. The leading potential pain or pain therapy related complaint was fatigue in 58% of the children followed by pain during coughing or breathing in 34% of the patients. The other questioned complaints (sleeping impairment, nausea, vomiting) only affected between 6 and 12% of the children. Table 3 gives an overview about the perioperative and postoperative measures applied as prevention or treatment of postoperative pain. Analgetic and adjunct drugs were given in standard dosages. The sedative for premedication was midazolam in all cases. During surgery, nearly all children received sufentanil and acetaminophen (96% and 83%, respectively). The rates of usage of metamizole, clonidine, and dexamethasone during surgery were small (8%, 7%, 5%, respectively). Overall, 91% of children got some kind of nonopioid analgesic during surgery. Concerning the usage of nonopioids, there was no significant difference between same day case and inpatient children (P = 0.149). On the ward, cold packs were used in 40% of the children for pain relief. Ibuprofen was the leading pain drug used for 32% of the children. Other drugs were rarely used (acetaminophen: 6%; metamizole: 2%; tramadol: 1%, piritramide: 4% of patients). Nonopioids and opioids were received by 73% and 4%, respectively. Inpatient cases received significantly more nonopioids (P < 0.001) and also more opioids (P = 0.04) than same day cases. Other nonpharmacological pain therapies were in descending order: toys (90%), books (75%), music/TV (48%), the parents themselves (26%), and use of a game console (5%). Individual pain documentation was found in 97% of the charts.
QUIPSI: Process Parameter
Factors Associated with Pain and Pain Related Outcome Parameters
Several factors were significantly (P < 0.05) associated with the outcome parameters (Tables 4 and 5 ). More pain on ambulation was related to higher body height (r = 0.218, P = 0.019), inpatient cases (r = −0.291, P = 0.001), and major surgery (r = 0.247, P = 0.004). Children with more pain on ambulation had received significantly more often acetaminophen (r = 0.185, P = 0.033), ibuprofen (r = 0.305, P < 0.0001), piritramide (r = 0.307, P = 0.017), or a cold pack (r = 0.332, P = < 0.0001) use on the ward. Inpatient cases (r = −0.276, P = 0.001), major surgery (r = 0.309, P < 0.001), and longer duration of surgery (r = 0.201, P = 0.021) were significantly correlated to higher maximal pain values. Medical treatment on ward with acetaminophen (r = 0.173, P = 0.047), metamizole (r = 0.252, P = 0.003), ibuprofen (r = 0.244, P = 0.005), or piritramide (r = 0.278, P = 0.001) and use of cold packs (r = 0.327, P < 0.0001) was related to more maximal pain. No bivariate analysis factors were significantly associated to minimal pain values.
The analysis of the drug dosages per kilogram body weight of the children used for pain management prior, during and after surgery, showed no correlation between relative dosage of the drugs and pain on activity or on maximal pain, respectively (Table S1 , all >0.05).
Female gender was associated to increased fatigue (cf. Table 5 , r = 0.173, P = 0.047). Higher age (r = 0.178, P = 0.014), body height (r = 0.217, P = 0.020), and weight (r = 0.204, P = 0.019) were associated with coughing and breathing disturbances. Higher ASA status was associated to fatigue (r = 0.223, P = 0.010). Inpatient cases (r = −0.231, P = 0.008) and major surgery (r = 0.308, P < 0.0001) had more coughing and breathing problems.
Patients who received clonidine during surgery had more respiratory problems (r = 0.181, P = 0.038). Receiving acetaminophen or metamizole on ward was associated with nausea (r = 0.289, P = 0.001; r = 0.180, P = 0.037, respectively) and vomiting (r = 0.366, P < 0.0001; r = 0.326, P < 0.001, respectively). Patients receiving ibuprofen on ward had more respiratory problems (r = 0.183, P = 0.036), higher desire for pain medication (r = 0.313, P < 0.0001), and reported more frequent about nausea (r = 0.316, P < 0.0001). Taking piritramide on ward was associated to nausea (r = 0.306, P < 0.0001) and vomiting (r = 0.326, P < 0.0001) com- plaints. Children with cold packs complained more often of breathing disturbances (r = 0.265, P = 0.002), nausea (r = 0.282, P = 0.001), and vomiting (r = 0.246, P = 0.004) and requested more pain medication (r = 0.218, P = 0.012).
The analysis of the drug dosages per kilogram body weight of the children used for pain management prior, during and after surgery, did for most drugs not show differences between relative dosage of the drugs and pain or pain management-related factors (Table S2 , mostly > 0.05).
In a multivariate model (Tables 6 and 7) , the variables that remained significant for pain on activity were piritramide on ward (beta = 4.160, P = 0.030) and cold packs on ward (beta = 1.731, P = 0.020). Concerning maximal pain, piritramide on ward was associated to more pain (beta = 3.597, P = 0.039). Patients receiving ibuprofen on ward had more desire for pain medication (odds ratio [OR] = 0.274, confidence interval [CI]: 0.103-0.725, P = 0.009). Children with ASA status 2 reported more fatigue than ASA 1 patients (OR = 0.296, CI: 0.100-0.874, P = 0.028). Nausea was complained more frequently if ibuprofen was used on ward (OR = 0.195, CI: 0.049-0.777, P = 0.020). Using acetaminophen was associated with a higher risk of vomiting (OR = 0.093, CI: 0.011-0.788, P = 0.029).
Discussion
Using a prospective study with direct assessment of the affected children, we have demonstrated that children who undergo typical pediatric otolaryngologic ambulatory or inpatient surgery have significant pain within the first 24 hours after surgery. To provide an accurate description of pain and analgetic use, a large and representative sample of children was recruited in a German ENT department using a new standardized assessment of process and pain outcome parameters called QUIPSI [20] . Most important, the children themselves were asked and not their parents, nurses, or physicians. Although the latter practice is common, some research suggested that providers and guardians may underestimate children's pain [22, 23] . Because children with inability to speak German were not included in the study, a cultural bias cannot be excluded. The present study has clearly shown that most of the children and even young children are able to self-assess 
Table 5
Factors associated with pain parameters* their pain with QUIPSI. Future research should focus on determining how to use the information given by children to modify the postoperative pain management.
The methodology we used is not without limitations. One limitation is that children's pain and pain managementrelated parameters were assessed only once and within the first 24 hours after surgery. Depending on the type of surgery, significant pain peaks at day 1 or 2 after surgery, and about one half of the children experience pain even throughout 1 week after surgery [24, 25] . Nevertheless, it can be assumed that the discrepancy between measured pain and application of nonopioid and opioid is even greater in the subsequent postoperative days as it is known that the hesitation to use analgetics after pediatric surgery increases significantly day by day after surgery [26] . Furthermore, it has to be emphasized that the same day case patients in this study still were (up to 8 hours) hospitalized when the assessment was performed. This might have resulted in lower pain levels than it would be expected at home. A large proportion of children receive little analgesic medication by the parents after surgery [25] . On the other hand, questioning also the same day case patients when they were still hospitalized may explain why there was no difference in postoperative pain between same day case and inpatient cases when looking at the multivariate analyses. The differences seen in the univariate analyses seems to be related to the fact that major surgery is dominantly performed as inpatient cases whereas minor surgery is an indication for same day case surgery. It is well known that major surgery in children, especially tonsillectomy, can lead to a high level of postoperative pain [27] .
In the present study, premedication with the benzodiazepine midazolam and general anesthesia was used in all cases. Intraoperatively, the synthetic opioid sufentanil was administered in nearly all cases, often (in four of five patients) combined with acetaminophen as nonopioid. Adjuncts like clonidine or dexamethasone were used only in some cases. Nevertheless, the choice of intraoperative analgesics was not standardized, and the use of adjuncts appeared to be random. An interesting future study would be to compare cohorts with different treatment protocols and analyzing the differences in outcomes. On the ward, only about 40% of the cases received a nonopioid (dominantly ibuprofen), and in less than 1% of the cases a synthetic opioid (principally piritramide). Piritramide is a synthetic opioid analgesic with a potency 0.65-0.75 times that of morphine. It is frequently used in Germany but was never introduced in the United States. This combination of analgetic drugs in addition to cold packs led on average to acceptable minimal pain in 40% of the children, but still to relevant pain on activity in many children, and still to high maximal pain scores (values > 3) in more than half of the patients. It is generally accepted, but actually only proven for adults, that when using rating scales or visual analog scales, values >3 indicate the necessity for pain therapy [28] . The correlation analyses clearly showed that the analgetic strategy on the ward was insufficient. Although standard dosages were used, monotherapy with a nonopioid or an opioid alone, or only using cold packs was insufficient to alleviate postsurgical pain on activity and maximal pain. It is clear from the literature that monotherapy with morphine is not superior and has more side effects [29] . Clonidine as an adjunct was only used in a too small number of patients in the present study to give clear recommendations, but it seems that clonidine in higher dosage has a positive effect on postoperative pain. This is in accordance with findings from other studies [30] . In a series of children who underwent adenotonsillectomy even a combination regime of 10 mg/kg acetaminophen plus 1 mg/kg codeine at 4-hour intervals in the first days after surgery was insufficient to manage postoperative pain in many of the children [25] . Other combinations like rofecoxib plus hydrocodone or acetaminophen plus hydrocodone are no more effective [31] . We cannot recommend the use of local anesthetics as studies of preoperative or postoperative infiltration of local anesthetics showed mixed results [32, 33] .
QUIPSI has the advantage of not only documenting children's pain but also therapeutic side effects. This is very important as the fear of side effects mostly prevents the adequate usage of analgesics [1] . The side effects of the analgetic regimes used in the present study were negligible. This indicates that there might be an unutilized potential to apply on the ward more liberally a combination of nonopioid and opioid drugs. For example, the combination of an adequately dosed antiphlogistic analgesic (e.g., ibuprofen) with short-acting opioids (e.g., piritramide) given on a low threshold, as-needed basis promises to be more effective to reduce postoperative pain in children after otolaryngologic procedures. This has to be proven in a future study.
It has clearly been shown in adult patients that postoperative pain management protocols are much more effective and will be used more frequently in the clinical setting when they are specific to individual surgical procedures [34] . Our use of QUIPSI has been proven to be an easy and practical instrument to measure postoperative pain for specific pediatric otolaryngologic surgical procedures. Furthermore, as QUIPSI is a benchmark project like QUIPS, it will allow a direct comparison between hospitals in the future. Finally, after implementation of new pediatricspecific pain management guidelines, as suggested by this study, QUIPSI will be an effective tool for the reevaluation of the effectiveness in regard of pain and pain-related parameters in children.
Conclusions
In conclusion, children have moderate but relevant pain within 24 hours after otolaryngologic surgery, and a significant number of children express the desire for more pain medication. This implies that better pain management, including preoperative counseling of the children, is needed [12, 35] . A significant proportion of children receive inadequate pain management. It is not based on the desire of the children for pain medication nor does the estimation of the nurses and physicians seem to be reliable. We recommend the performance of a standardized self-assessment of children's pain, for instance with QUIPSI, to monitor children's postsurgical pain in clinical routine. Efforts must be made to provide better analgetic treatment within the first 24 hours after surgery. Table S1 . Drug dosage per body weight in relation to pain parameters*. Table S2 . Drug dosage per body weight in relation to pain parameters*.
